Résumé. 2014 Abstract. 2014 We develop a quantum field-theoretic method to describe the effect of frequency mixing using Josephson junctions or using an electron beam traversing a succession of microwave cavities. One of our purposes is to discuss the basic mechanism of current modulation and the subsequent radiation in the complete quantum mechanical context. We use the Heisenberg picture, so that the field operators depend on time and state vectors are fixed. It is essential to take quantum mechanical expectation values only for the quantities that are actually observed. Thus, in the case of frequency mixing, we do not evaluate the current but rather the radiated power, which is observable. An evaluation of the current would destroy correlations between Fourier components of the current produced in the first cavity or in the first junction. Leaving the current as an operator permits the correlations produced in the first cavity (junction) to affect the radiation in the second cavity (junction). Another purpose of the approach is to find the possible dependence of the output radiation on the quantum state of the incident radiation preexisting in cavities or in Josephson junctions. In the case of frequency mixing using two microwave cavities where the fields are treated as independent, we show that it is possible to distinguish the case where both cavities are in definite phase-certain coherent states from the phase-uncertain number states by the value of the wave function renormalization constant. However, if the relative phase of the two cavities cannot be defined, this distinction disappears. This indicates that the radiation occurs at the beat frequency even when the cavity fields are taken to be in energy eigenstates, so that no phase whatever can be associated with the fields in those cavities and thus a classical velocity modulation picture does not apply.
There is a reduction formula [4] for R-products similar to that of time ordered or T-products. The analysis of (7) is formally identical to that of T-products in terms of the Feynman diagram. The field Ain03BC(x) is a cavity field, not a field in free space, so that it is not invariant under translation and momentum need not be conserved in the interaction V(x). It is possible, therefore, for both the incoming and outgoing electron lines to be free-electron lines, even when a finite amount of energy is emitted or absorbed at a vertex. It is assumed that the electron remains on the mass shell after each interaction. Applying the R-product reduction formula to (7) and neglecting all terms containing electron loops and internal photon lines (electron-electron interaction), we obtain where colons denote the normal product of the enclosed factors, and with SR(x -y) denoting the free-electron retarded propagator.
The assumption that the electron remains on the mass shell means that only pole contributions are retained in the integrals of (7) . Using this approximation, (7) (27) is a source for the field operator Aout(z, t), being related to it through a retarded photon propagator DR(z, z' ; t, t') coming from Maxwell's equations [7] . If we restrict our attention to radiation in the third cavity resonant at frequency v, the retarded photon propagator can be written in terms of the mode function U,(z) :
where 0(t) is the unit step function ; we have where s2 is the distance between first and third cavities. 
